Summary: With ever increasing demands to manage finite resources for health care utilization, we performed an investigation to identify inpatient clinical characteristics and trends in children with lymphatic malformations using the Kids' Inpatient Database, years 2000 to 2009, to help identify populations best suited for resource deployment. Subjects included children 18 years and below with International Classification of Diseases (ICD), ninth revision code: 228.1-lymphangioma, any site. In the United States, between 2000 and 2009, inpatient pediatric patients with lymphatic malformations most commonly affected children aged 3 years and younger, urban hospital locations, and the South and West regions. There was no significant change in age of children with lymphatic malformations or the distribution of their age from year to year, P = 0.948 and 0.4223, respectively. No significant evidence for seasonal variation or effect on inpatient admission was identified, P = 0.7071. A great majority of admissions ( > 96%) were in urban locations across each year. There was also no significant change in breakdown of admissions by geographic location, P = 0.7133. Further investigation may help to elucidate how to improve access to multidisciplinary vascular anomalies teams to optimize care for these children with unique and complex lymphatic malformations.
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Key Words: lymphangioma, lymphatic malformation, KID, HCUP, multidisciplinary, inpatient (J Pediatr Hematol Oncol 2018;40:221-223) L ymphatic malformations are vascular anomalies comprising abnormal development and collections of lymphatic vessels and cysts that may occur throughout the body. In general, these lesions often affect children and exhibit a pattern of lymphatic cysts/sponge-like masses or diffuse involvement of an anatomic area. As clinicians have become more familiar with managing these lesions, multidisciplinary approaches have evolved. Because of the diversity in clinical presentation and affected areas, various functional compromise exists, which is best suited for care under a multidisciplinary team. 1 Multidisciplinary vascular anomalies teams have started to develop all over the United States and have become more widespread, but clinical outcomes and treatment approaches are greatly varied. Agreement on successful clinical outcomes for treatment and standardized reporting for outcomes have not been developed, so comparing results from different management approaches is challenging. Expert opinion is emerging with regard to this issue in the head and neck in children. 2 As lymphatic malformations are particularly uncommon, it may be useful to further understand the characteristics of children admitted with lymphatic malformations to initiate a conversation with regard to deployment of resources and development of referral centers with sufficient experience. National characteristics of children admitted as inpatients with lymphatic malformations have not been previously described. We hypothesize that inpatient lymphatic malformation admissions in children are distributed evenly among age, sex, ethnicity, hospital location, and geographic region, and that these proportions remain unchanged over time. Using a national database, we are able to test our hypothesis and further understand who and where these children are.
METHODS
The Kids' Inpatient Database (KID) is a pediatric inpatient care database in the United States included in the Healthcare Cost and Utilization Project (HCUP) family, which started publishing data in 1997. It is the only all-payer database in the United States and contains weighted information from 2 to 3 million hospital stays. The database is updated every 3 years, and is built from a sample of pediatric discharges from the State Inpatient Databases (SID), which encompass about 97% of all US community hospital discharges. This study examined inpatient admissions for pediatric patients with lymphatic malformations in 2000, 2003, 2006 , and 2009 using the KID, HCUP, Agency for Healthcare Research and Quality. 3 The content of the KID is deidentified and conforms to Health Information Privacy and Portability Act (HIPPA). Duke University Included cases were identified using DX1-DX25 and the International Classification of Diseases (ICD)-9-DM codes: 228.1-lymphangioma, any site. The HCUP data elements that were assessed as individual variables included can be found in Table 1 . The KID database from years 2000 to 2009 were used because not all of the data elements were available in the first year of publication in 1997. Trends over time were also assessed. As such, because of the coding methodology adopted by the KID database in 2012, trending of data was not able to be performed. Therefore, we chose to exclude those data.
Sample weights and stratification levels were taken into account to extrapolate the sampled data to national level. A simple linear regression model was good enough to assess the temporal trend of the age of pediatric patients with lymphatic malformations. The adjusted Wald F test was used for assessing the independence between age categories (< 1 y, between 1 and 4 y, and older than 4 y), month of admission, sex, race, hospital location (rural/urban), geographic location (Midwest, Northeast, South, and West), and survey year.
RESULTS
Over the time span examined, the mean age was 4.15 years. Individual years' mean age and 95% confidence intervals can be found in Table 2 , along with the breakdown of inpatient admissions of lymphatic malformations in children by sex. It is notable that over half of all the cases occurred in children below 3 years of age (41.8% for age 0 to 1, 9.3% for age 1 to 2, and 9.7% for age 2 to 3), and for children aged 3 years and above, the frequency stabilizes (Fig. 1) . There was no significant change in age of children with lymphatic malformations or the distribution of their age from year to year, P = 0.948 and 0.4223, respectively.
Looking at other clinical characteristics, no significant evidence for seasonal variation or effect on inpatient admission was identified, P = 0.7071. The distribution of girls and boys was roughly split evenly, and the ratio of girls and boys also remained similar across time, P = 0.5820. The proportion of kids based on ethnicity also remained level across the sampled years, P = 0.3775. A great majority of admissions ( > 96%) were in urban locations across each year, and there was no observed change over time between admission in urban and rural hospital locations, P = 0.9502. There was also no significant change in breakdown of admissions by geographic location, P = 0.7133. In aggregate for all years examined, the weighted estimates for admissions in South and West regions had roughly similar and the highest percentages of admission, 31.7% and 29.5%, respectively, followed by the Midwest, 22.36%, and then Northeast, 16.44%.
DISCUSSION
Treatment for lymphatic malformations in children may include watchful waiting and expectant management, sclerotherapy, surgical resection, and/or pharmacologic therapy. Multimodality therapy is often indicated for treatment of children with lymphatic malformations, and the combined experience and expertise of multidisciplinary teams has been advocated. 4 This type of resource may not be readily available everywhere, so it may be useful to understand some of the clinical characteristics of these pediatric patients and where these resources may have the most impact and benefit. Currently, clinical characteristics and treatment outcomes for lymphatic malformations in children primarily come from retrospective case series, on the basis of personal and institutional experience. No other similar type of investigation exists, which looks at a large pool of children admitted with lymphatic malformations in the United States and describes their clinical characteristics. [5] [6] [7] [8] [9] [10] [11] Inpatient admissions in children with lymphatic malformations seem to be most common in children aged 3 years and younger. As such, inpatient facilities caring for these kids should have resources and be capable of providing for the clinical care needs of very young children. Sex and ethnicity do not seem to be unique clinical factors, and inpatient admissions are not affected by seasonal variations or the month of the year.
Experts agree that lymphatic malformations are complex lesions, unique, and best suited for therapy guided by a multidisciplinary team approach. 12 As such, multidisciplinary teams are favored for evaluating and managing these children. [13] [14] [15] [16] Geographically, it does not seem that inpatient admissions for children with lymphatic malformations are evenly distributed. The South and West regions seem to have the most proportion of inpatient admissions, and this has not changed significantly over time. However, it does seem that all regions are somewhat affected, so it may be important that there is access to high quality, experienced, multidisciplinary teams and care in all geographic regions of the United States to offer these children evaluation and management. Resources may also be best suited to urban hospital locations. Telemedicine may offer a potentially unique opportunity in the future to explore for those in rural locations or in geographic areas with less experience with these unique and complex problems. 17 We recognize that there are significant limitations in our investigation. Utilizing a national database does not allow for examining individual cases, and admissions could be from the same patient, especially given the chronicity and high recurrence rates of persistent symptoms from these types of lesions. Furthermore, limited information is available given privacy issues, which may not allow for further detailed identification of clinical characteristics. However, given these limitations, we feel that we are able to at least provide an estimate of who and where these pediatric inpatients with lymphatic malformations are, and suggest that there is a need for access throughout the calendar year in all geographic locations of the United States for young children, aged below 3 years, especially in urban areas.
CONCLUSIONS
In the United States, between 2000 and 2009, the distribution of inpatient pediatric patients with lymphatic malformations was not evenly distributed among age, hospital location, and geographic region. Children aged 3 years and younger, urban hospital locations, and the South and West regions were most affected. Further investigation may help to elucidate how to improve access to multidisciplinary vascular anomalies teams to optimize care for these children with unique and complex lymphatic malformations.
